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(^y Undenatured virus-free biologically active protein derivatives. 

(§) A mammalian blood protein-containing composition 
such as whole blood, plasma, serum, plasma concentrate, 
cryoprecipitate. cryosupernatant. plasma fractionation preci- 
pitate or plasma fractionation supernatant substantially free 
of hepatitis and other lipid coated viruses with the yield of 
protein activity to total protein being at least 80*5. is disclosed. 
The protein-containing composition is contacted with di-or 
trialkylphosphate. preferably a mixture of trialkylphosphate 
and detergent, usually followed by removal of the di-or trialk- 
ylphosphate. 

FIG I COMPARISON BETWEEN 209i ETh£R/ I % TV/EEN SO (O) ANO 

O. \% TN9P/ I V, T W£ EM BO (• ) 
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BACKGROUND OF THE INVENTION 013174 0 

Field of che Inventio n 

This invention relates to undenatured virus-free 
biologically active protein- font a i ning compositions. More 
especially, this invention relates to the inaetivation of 
viruses, especially lipid coated viruses. e.g.. hepatitis B 
in human blood, blood component, blood plasma or any 
fraction, concentrate or derivative thereof containing blood 
proteins or non-blood sources including normal or cancer 
cells, the exudate from cancer or normal cells grown in 
culture, hybridomas , in products from gene splicing (DMA; , 
etc., by the use of di- or trialkyl phosphates, and to the 
resultant products. In particular, this invention relates 
to blood plasma or other plasma protein-containing 
compositions which are to be rendered substantiallv free of 
hepatitis B and/or non-A and non-R hepatitis or other viral 
infectivity, such blood plasma or fractions thereof having 
valuable labile proteins, such as. for example, factor VIII. 

DISCUSSION OF PRIOR ART 

Numerous attempts have been made to inactivate 
viruses such as hepatitis B virus (HBV) in mammalian, 
especially human, blood plasma. It is the practice in some 
countries to effect inactivation of the hepatitis B virus in 
the blood plasma by contacting the plasma with a viral 
inactivating agent of the type which crosslinks with the 
proteinaceous portion of hepatitis H virus, or which 
interacts with the nucleic acid of the virus. For instance, 
it is know co attempt to inactivate hepatitis B virus by 
contact with an aldehyde such as formaldehyde whereby 
cross linking- to. the protein is effected and; ,the;^hepatitis B - :; / 
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virus is inactivated. It is also known to effect:' 
inaetivation of the virus by contact with beta-propiolactone 
(BPL) . an aj;ent which acts on the nucleic acid of the virus. 
It is further known to. use tilrraviolor (UV) light, 
especially after a beta-propiol actone treatment.. 

Unfortunately, these agents often alter, denature 
or destroy valuable protein components especially so-called 
"labile" blood coagulation factors of the plasma under condi- 
tions reauired for effective inacrivacion of, virus infectivity. 
For instance, in such inaetivation procedures, factor VIII is 
inactivated or denatured to the extent of 50-907. or more of 
the factor VIII present in the untreated plasma. Because of 
the denaturing effects of these virus inactivating agents, 
it is necessary in the -preparation of derivatives for admin- 
istration to patients to concentrate large quantities of plasma 
so thac the material to be administered co the patient once 
again has a sufficient concentration of the undenatured 
protein for effective therapeutic treatment. This concentra- 
tion, however, does not affect reduction of the amount of de- 
natured protein. As a result, the patient not only receives 
the undenatured protein but a quantity of denatured protein 
often many times that of the undenatured procein. 

For instance, in the inaetivation of hepatitis B 
virus in human blood plasma by be tn - prop io I ac tone . there is 
obtained as a result thereof, a plasma whose factor VIII has 
been 75?: inactivated. The remaining 25% of the factor VTII 
is therefore present in such a small concentration, as 
fui.cion of the plasnu itself, that ir is necessary to 
concentrate larj;e quantities of the f.ictor VIII to provide 
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sufficient concentration to be of -therapeutic value. Since 

such separation techniques do not efficiently remove 
denatured factor VIII from undena-tured factor VIII, the 
material administered to the patent vnay contain more- 
denatured protein than i;ndena rured protein. Obviously, such 
inactivation is valuable- from a standpoint of diminishing 
the risk of hepatitis virus infection. However . it requires 
the processing of large quantities of plasma and represents 
significant loss of valuable protein components . Furthermore, 
administration of large amounts of denatured proteins niav ren- 
der these antigenic to the host and thus give rise to autoim- 
mune diseases, or perhaps, rheumatoid arthritis. 

The loss of these valuable protein components is 
not limited to factor VIII, one of the most labile of the valu- 
able proteins in mammalian blood plasma. Similar protein 
denaturation is experienced in respect of the f ol loi-ring 
other valuable plasma components : coagulation factors II, 
VII, IX, X; plasrain, fibrinogen (factor 1) I=M, hemoglobin, 
Interferon, etc. 

Factor VIII, however, is denatured to a lai'ger 
extent than many of the other valuable proteins present in 
blood plasma. 

As a result of the foregoing, except in the 
processing of serum albumin, a stable piastre protein 
solution which can vjithscand pasteurization, it is large! v 
the practice in the United States in vc^pecz of the 
processing of blood proteins to take no step in respect of 
the sterilization for inactivation of viruses. As a result, 
recipients of factor VIII. ganr.«.a -globulin . factor IX, 




fibrinogen, etc.. must accepc trhe risk chat 'the valuable 
protein components being administered may be contaminated 
with hepatitis viruses a? well as other infectious viruses. 
As a result, these recipier.tr face- the danger of becoming, 
infected by these viruses and having to endure the damage 
which the virus causes to the liver and other organ systems 
and consequent incapacitation and illness, which may lead to 
death. 

The BPL/UV inactivation procedure discussed above 
has nor so far been adopted in the United States for 
numerous reasons . one of which lies in the fact that many 
researchers believe, that BPL is itself deleterious since it 
cannot be removed completely following the inactivation and 
thus may remain in plasma and plasma derivatives. BPL has been 
shown to be carcinogenic in animals and is dangerous even to 
personnel handling it. 

Other methods for the inactivacion of hepatitis B 

virus in the plasma are known, but are usually impractical. 

One method involves the addition of antibodies to the plasma 

whereby an immune complex is formed. The expense of 

antibody formation and purification add significantly to the 

cost of the plasma production: furthermore, there is no 

assurance that a sufficient quantity of hepatitis B or 

non-A. non-B virus is inactivated. There is currently no 

test for non-A. non-U antibodies (although there is a test 

for the virus); hence, it is not po.-;.<ub]c to select plasma 

containing high titers of nnti. non-A. non-li antibody. 

It is to be understood that the o rob 1 ems of 

I 

inactivation of the viruses in plasma are distinct. from the 
problems of inactivation of the viruses thcmsel vesdOe to 
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the copresence of the desirable proteinaceous components of 
the plasma. Thus, while it is known how to inactivate the 
hepatitis B virus, crosslinking agents, for example, 
glutaraldehy de , nucleic acid reacting chemicals, for 
example BPL or formaldehyde, or oxi dizinj:; nj-cn ts . for. 
example chlorox. etc. , it has been believed that: these methods 
are not suitable for the inactivation of the virus in plasma 
due to the observation that most of these activating agents 
(sodium hypochlorite, formaldehyde, beta-propiolactone) de- 
natured the valuable proteinaceous components of the plasma. 

United States Patent A, 315, 919 to Shanbrom de- 
scribes a method of .depyrogena ting a proteinaceous biological 
or pharmaceutical product by contacting such proteinaceous 
product with a non-denaturing amphiphile. 

United States Patent 4,314,997 to Shanbrom de- 
scribes a method of reducing pyrogenici ty , hepatitis in- 
fectivity and clotting activation of a plasma protein product 
bv contacting the product with a non-denatured amphiphile. 

Both Shanbrom '919 and '997 contemplate the use 
of a non-ionic detergent, for example, "Tween 80" as the amphi- 
phile. It will be shown hereinafter that treatment with 
• "Tween 80" by itself is relatively ineffective as a viral in- 
activating agent. 

United States Patent 3.962,421 describe:- a nethoc 
for the disruption of infectious lipid-containing viruses 
for preparing sub-unit vaccines by contacting the virus in 
an- aqueous medium with a wetting agent and a t ria Iky lphosphate . 
Such aqueous medium is defined as :i 1 1 anton i c fluid, tissue cul 
ture fluid, aqueous extract or suspension of central nervous 
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system tissue, blood cell eluate and an aqueous extr^ict^Jr^^^ 
suspension of fowl embryo. The patent does not desfcribe 
hepatitis, nor is it concerned with preparation of blood de- 
rivatives containing labile blood protein substantially free of 
viral infective ty . It is only concerned with disrupting, the 
envelope of lipid containing viruses for the production of 
vaccines and not with avoiding or reducing protein denaturation 
en route to a blood derivative. j 
Problems may also exist in deriving valuable pro- j 

r 

teins from non-blood sources.- These sources include, but are j 
not limited to, mammalian milk, ascitic fluid, saliva, placental, 

extracts, tissue culture cell lines and their extracts inclur.- ' 

-■ - ■ i 

ing transformed cells, and products of fermentation. For in- I 

stance, the "human lymphoblas toid cells have been isolated vhichJ 

produce alpha interferon. However , the ceil line in commercial J 

use today contains Epstein-Barr virus genes. It has been a j 

ir.ajor .concern that the use of interferon produced by these j 

cells would transmit viral infection or induce viral caused j 

I 

cancerous growtn. j 

The present invention is directed to achieving j 

1 

three goals, namely, (1) a safe, (2) viral inactivated j 
protein-containing composition , (3). without incurring substan- j 

! 

tial protein denaturation; As shown above, these three goals ! 
are not necessarily compatible since, for example, betn- 
propiolactone inactivates viral infect ivi ty. but is unsafe and 
substances such as formaldehyde inactivate viruses, but also 
substantially dennturate the valuable plasm.! proteins. for ex- 
ample, factor VI 11. 

It, therefore, became desirable to provide a proc- 
ess -for obtaining proteifi-containing compositions /which -docs - : 
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not substantially denature the valuable protein components } 
therein and which does not entail -the use of a proven carcino- j 
genie agent- More especial].- , it is desirable to provide bloodj 
protein-containing compos it ions in which substantially all of 
the hepatitis viruses and other viruses present are inacti- 
vated and in v/hich denatured protein such as factor VI13 ac- 
count for only a small amount of the total amount of these 
proteins in the blood protein-containing composition. 

It is a further object to provide products . from 
cancer or normal cells or frorr, fermentation processes follow- | 
ing gene insertion which ore substantially free of virus, es- j 
pecially lipid- containing .-viruses . j 

. i 

■ 
» 

i 

SUMMARY OF THE INVENTION | 

i 

It has nov: been discovered, quite surprisingly, j 
that while most of the viral inactivating agents denature j 
factor VIII and other valuable blood plasma proteins, that j 
not all viral inactivating agents have such effect. It has 
been discovered that a protein-containing composition such 
as whole blood, blood cell proteins, blood plasma, a blood 
plasma fractionation precipitate, a blood plasma fraction- 
ation supernatant, cryopreeipitate cry ©supernatant . or por- 
tion or derivative thereof or serum or a non-blood product 
produced from normal or cancerous cells (e.g. via recombinant 
DNA technology) is contacted for a sufficient period of time 
with a dialkvlphosphnte or a t ria Iky lphosphate that lipid contain 
ing viruses such as the hepatitis viruses present in the compo- 
sition are virtuallv entirely inactivated without substantial 
denaturntion of proteins therein. tty eoritacting blood protein" 
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mixture or concentra-e thereof or f rac tien thei-aof Mclfia 
or trialkylphosphate. followed by removal of che~ di- or trial- 
kylphosphate . hepatitis viruses can be substantially inacti- 
vated, e.g., to an inactivation of greater than A logs, while 
realizing a yield of protein activity to total protein of 
at least 80%. 

By such procedures there is provided a blood 
pro tein- con taining composition such as mammalian \-7hole- blood , 
blood cell derivatives (e.g,. hemoglobin, alpha-interf eron , 
T-cell growth factor, place le t - der ived growth factor, etc.), 
plasminogen activator, blood plasma, blood plasma fraction, 
blood plasma precipitate (e.g., cryoprecipitate , ethanol pre- 
cipitate or polyethylene glycol precipitate) , or supernatant 
(e.g., cryosupernatant, ethanol supernatant or polyethylene 
glycol supernatant) . characterized by the presence of one or 
aore blood proteins such as labile blood factor VIII having 
a cotal yield of protein activity to total protein of at least 
80%. preferably at least 85a, more preferably 95% and most 
oreferablv 98!4 to 100%, said blood protein- containing composi- 
tion having greatly reduced or virtually no hepatitis viruses. 
Virus in a serum is determined by infectivity titrations. 

By the inactivation procedure of the invention, 
most if not virtually all of the hepatitis viruses contained 
therein would be inactivated. The method for determining 
infectivity levels by in vivo chimpanzees is discussed by 
Prince, A.M.. Stephen. W.. Hrol.mnn . !'» . and van den Emie.H-C.. 
"Evaluation of the Effect of Beta-propiolactone/Ul traviolet 
Irradiation (BPL/UV) Treatment of Source Plasma on Hepatitis 
Transmission by factor IV Complex in Chimpanzees, Thrombosis 
and Haemostasis'*; UU( 138-142. 1930. 1 " : : M ' - : '- : 

xhe hepatitis virus is inactivated. by treatment 
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with Che di- or trialkylphosphate "described herein, and is not 
inactivated because of inclusion in the plasma of antibodies 
which bind with the hepatitis viruses and form immune complexes 
Inactivation of virus is obtained to the extent of 
at least "4 logs", i.e.. virus in a serunn is totally inacti- 
vated to the extent determined by infective ty studies where tha 
virus is present in the untreated serun in such a concentration 
that even after dilution -to 10^. viral activity can be meas- 
ured. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig. 1, shows virus inactivation as a function of 
log titer value versus time for VSV virus (vesicular stomatitis 
virus) treated according to the present invention and created 
with ether/Tween 80. The lower log titer for treatment ac- 
cording to the present- invention indicates greater virus inac- 
tivation ; 

Fig. 2 shows virus inactivation as a function of 
log titer value versus time for Sindbis virus treated accord- 
ing to the present invention and treated with ether /Tween 80; 

Fig. 3 shows virus inactivation as a function of 
log titer value versus time for Sendai virus treated according 
to the present invention and treated with ether/Tween SO; 

Fig. i\ shows virus inactivation as a function of 
log titer value versus time for KMC virus (a non- lipid 
coated virus) treated according to the present invention and 
treated with ether/Tween 80; 

Fig. 5 is a plot of log titer value versus hours 
■for. VSV . virus for "TNl'.r/Twecn 60 nt 0°C and at room temperature 
.and*TNBP.ra'lone' (n tf room tempera ture ) : 
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Fig. 6 is a plot of Iok titer value versus hours 
for-Sindbis virus for TNBP/Tween 80 at Q°C and at room 
temperature and TNBP alone (at room temperature); 

Fig. 7 is a plot of lo>; titer value ve/sus hours 
for Sendai virus for TNBP. /TWeen 80 at 0°C and at room 
temperature and TNBP alone (at room temperature): and 

Fig. 8 is a plot of log titer value versus hours 
for EMC virus for TNBP/Tween 30 at 0 C C and at room tempera- 
ture and TNBP alone (at room temperature). 

The Sindbis, Sendai and VSV viruses are typical 
lipid containing viruses and are used herein to determine the 
effect of di- or trialkylphosphate on lipid coated viruses 
generally- 

nrr^ TTFT) DESCRIPTION OF THE INVENTION 
BIooc is made up of solids (cells, i.e., 
erythrocytes, leucocytes, and thrombocytes) and liquid 
(plasma). The ceils contain potentially valuable substances 
such as hemoglobin. and they can be induced to make other 
potentially valuable substances such as interferons, growth 
factors, and other biological response modifiers. The plasma 
is composed mainly of water, salts, lipids and proteins. The 

^-^od into proups called fibrinogens, serum 
proteins are aivicca j.uh- f,--" v 

globulins and serum albumins. Typical antibodies (immune globu 
lins) found in hu.aan blood plasma include those directed 
against infectious hepatitis, influenza H. etc. 

Blood transfusions arc used to treat anemia 
resulting, from disease or hemorrhage shock resulting from, 
loss of plasma proteins or'loss of circulh fcing volume^ ^^iS 
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diseases where an adequate level of plasma protein is not 
maintained, for example, hemophilic, and to bestow passive 
immunization. 

Whole blood must, be carefully typed and cross 
matched prior to administration. l'lasina , however , docs not 
require prior testing. For certain applications, only a 
proper fraction of the plasma is required, such as factor 
VIII for treatment of hemophilia or von Uillebrand's disease. 

With certain diseases one or several of the 
components of blood may be lacking. Thus the administration 
of the proper fraction will suffice, and the other components 
will not be "was ted 7 on the patient; the other fractions can 
be used for another patient. The separation of blood into 
components and their subsequent fractionation allows the pro- 
teins to be concentrated, thus permitting concentrates to be 
treated.. Of great importance, too, is the fact that the 
plasma fractions can be stored for much longer periods than 
whole blood and they can be distributed in the liquid, the 
frozen, or the dried state. Finally, it allows salvaging from 
blood banks the plasma portions of outdated whole blood that 
are unsafe for administration as whole blood. 

Proteins found in human plasma include prealbumin, 
retinol-binding protein, albumin, alpha-globulins, beta- 
globulins. gamma-!.lobulin.s (immune scrum globulins), the 
coagulation proteins (anti thrombin III. prothrombin, plasmino- 
gen, antihemophilic factor- factor Villi, fibrin-stabilising, 
f ac tor- f ac tor XIII. fibrinogen). inmjunoj;lob ins ( i .ininunoi;lobu 1 ins 
G. A. M, D. and E) . and the o\~;> 1 omen t components. There are 
currently more than 100 plasma proteins that have been de- 
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scribed . A comprehensive listing can.be founo in "The Plasma 
Proteins", ed. Putnam, F.W. , Academic Press. New York (1975). 

Proteins found in the blood cell fraction include 
hemoglobin, fibronectin. fibrinogen, enzymes of carbohydrate 
and protein metabolism, etc. In addition, the synthesis of 
other proteins can be induced, such as interferons and growth 
factors . 

A comprehensive list of inducible leukocyte pro- 
teins can be found in Stanley Cohen, Edgar Pick. J. J. Oppen- 
heim. '"Biology of the Lymphokines" , Academic Press, N.Y. (1979) 

Blood plasma fractionation generally involves the 
use of organic solvents such as ethanol , ether and poly- 
ethylene glycol at low temperatures and at controlled pH 
values to effect precipitation of a particular fraction con- 
taining one or more plasma proteins. The resultant supernatant 
can itself then be precipitated and so on until the desired 
degree of fractionation is attained. More recently, separa- 
tions are based on chromatographic processes. An excellent 
survey of blood fractionation appears in Kirk-Othmer ' s Encylo- 
pedia of Chemical Technology . Third Edition. Interscience 
Publishers. Volume U. pages 25 to 62. the entire contents 
of which are incorporated by reference herein. 

The major components of a cold ethanol fractiona- 
tion are as follows: 

r - Proteins 

Fraction . 

X fibrinogen, cold insoluble globulin •. factor 

V 1 1 L : properdin 

11 ar<" III IrS-: 1 H M : I »' A: fibrinogen . beta- 1 ipoprotein ; 

... prbthrombin: plasminogen rplasmin inhibitor? 

— /factor V ; factor :VIl;-:f actor IX: factor X; 

thrombin: an ti thrombin^;; isoagglut ini ns : cer- 



1 

2 
3 
4 

5 
6 
7 
8 
9 
10 
11 
12 
13 
14 
15 
16 
17 
18 
19 
20 
21 
22 
23 
24 
25 
26 
27 
28 
29 
30 



Fraction - / 1> ~ ProLcins 

01 31740 

. ' utoplasmin; complement C*l, C'3 

IV-1 alpha^-lipoprotein , cerutoplasmi n ; plasmin- 

inliibi tor: f.ictgr IX; peptidase ; alpha-and- 
bt: ta-globul i :is 

IV-4 tr;m.sf err in : thyroxine binding globulin; 

serum esterase; alpha^-lipoprotein ; albumin; 
alkaline phosphatase 

V albumin; alpha -globulin 

VI alphas-acid glycoprotein ; albumin 

The above fractionation schenic can serve as a 
basis for further fractionations. Fraction 11 and III, for 

example, can be further fractionated to obtain imisune serum 
globulin (ISG). 

Another fractionation scheme involves use of 
fi'ozen plasma v.'hich is thawed into a cryoorecipitate 
containing AKF (antihemophilic factor) and fibrop.ectin and a 
cryosupernatant . The cryoprecipitate is then fractionated 
into fibronectin and AHF. 

Polyethylene glycol has been used to prepare high 
purity AHF and non-aggregated ISG. 

High risk products with respect to the 
transmission of hepatitis B and noa-A, non-B are f ibrinouen , 
AHF and prothrombin complex, and all other blood protein 
preparations except immune serum globulin and. because thev 
are pasteurized, albumin solutions. Hepatitis tests 
presently available can indicate the presence of hepatitis B 
surface antigen, but there is presently no screening, test for 
non-A. non-B hepatitis. 

The present invention is directed to contacting 
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with di- or trialky l.phospha to a blood protein -containing 

composition such as whole mammalian blood, blood cells 
thereof, blood cell proteins, blood plasma thereof, 
precipitate fror. any fractionation of such plasma, 
supernatant from any fractionation of such plasma, cryo- 
precipitate . cryosupernatant or any portions or derivatives 
of the above that contain blood proteins such as, for example, 
prothrombin complex (factors II, VII, IX and X) and 
cryoprecipi cate (factors I and VIII). The present invention 
is also concerned with contacting di- or trialky lphosphate 
with a serum containing one or more blood proteins. 
Furthermore, the present invention is directed to contacting 
di- or trialky lphosphate with a blood protein- containing J 
fraction containing at least one blood protein such as the 
following: ' factor II, factor VII. factor VIII, factor IX. 
factor X. fibrinogen and IgM. additionally, the present 
invention concerns contacting a cell lysate or proteins induced 
in blood cells with di- or trialky lphosphate . 

Such blood protein-containing composition is con- 
tacted with a dialky lphospha te or a trialky lphosphate 
having alkyl groups which contain 1 to 10 carbon atoms, espe- 
cially 2 to 10 carbon atoms. Illustrative members of trial- 
kvlphosphates for use in the present invention include tvi- 
(n-butyl) phosphate, t ri- ( c -butyl ) phosphate, tri- 
(n-hexyl) phosphate, t ri- (2 - e thy lhexy 1 ) phosphate, tri- 
(n-decyl) phosphate, just to nnmc a few. An especially 
preferred trialkylphosphatc is tri-(n-butyl) phosphate. 
Mixtures of different trin ] kyl phosphates can also be 
'employed as well as" phospha tes- ha vi nj; alky 1 groups of • 
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different alkyl chains, for example, ethyl, di(n-bucyl) 
phosphate. Similarly, the respective dialkylphosphates can 
be employed including those of-differcnt alkyl group mixtures 
of dialkylphosphate. Furthermore, mixtures of di- and trialkyl 
phosphates can be employed. 

Di- or trialkylphosphates for use in the present 
invention are employed in an amount between about 0.01 mg/ml 
and about 100 mg/ml, and preferably between about 0.1 mg/ml 
and about 10 mg/rrl . 

The di- or trialky lphosphate can be used with or 
without the addition of wetting agents. It is preferred, 
however, to use di- .or trialky lphosphate in conjunction with 
a wetting agent. Such wetting agent can be added either 
before, simultaneously with or after the di- or trialkyl- 
phosphate contacts the blood protein-containing composition. 
The function of the wetting agent is to enhance the contact 
of the virus in the blood protein-containing composition 
with the di- or trialky lphosphate. The wetting agent alone 
does not adequately inactivate the virus. 

Preferred wetting agents are non-toxic 
detergents. Contemplated nonionic detergents include those 
which disperse at the prevailing temperatui"e at least 0.1% 
by weight of the Eat in an aqueous solution containing the 
same when 1 gran: detergent per 100 ml of solution is 
introduced therein. In particular there is contemplated 
detergents which include pol yoxye thy 1 enc derivatives of 
fatty acids, partial ester:; of sorbitol anhydrides, for 
example, those products known commercially as "Tvecn 80", 
"Tween 20" and p.o.J ysorhate . SO", and nonionic oil soluble 
water detergents such as that sold commercially under the 
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trademark "Tricon X 100" (oxyethy lated alky lphenol ) . Also 

contemplated is sodium deoxycholace as well as the "Zwitter- 

gents" which are synthetic zwi tcerionic determents known as 

"sulfobetaines" such as N-dodecy 1-N . H-dimethy 1-2-amnonio- 1 

ethane sulphonate and its conveners or nonionic determents 

such as octyl-beta-U-y.lucopyranosidc-. 

Substances vhich !nij;ht enhance the effectiveness 
of alkylphosphates include reducing agents such as mercapco- 
ethanoi, dithio tbre-itol , dithioery thri tol . and dithiooctanoic 
acid. Suitable nonionic surfactants are oxyethy la tec alkyl 
phenols, polyoxyethylene sorbitan fatty acid esters, poly- 
oxyethylene acids, polyoxyethylene alcohols , polyoxyethylene 
oils and polyoxyethylene oxypropylene fatty acids. Some spe- 
cific examples are the folio--;! ng : 

alkvlphenoxypclyethcxy (30) ethanol 

Dolvoxvethy 3 enc- (2) sorbican monolaurato 
po3 voxvetr.vlene (20) sorbican monopa Imitate 
polvoxvethylene (20) sorbitan nionos teara te 
polyoxyethylene (20) sorbitan tristearate 
polyoxyethylene (20) sorbitan ir.onooleate 
polvoxvethylene (20) sorbitan trioleate 
polvoxvethylene (20) palrnitate 
polyoxyethylene (20) iauryl ether 
polyoxyethylene (20)cetyl ether 
polvoxycLhylcne stcaj-yl ether 

polyoxycthv] ..-nc (20) olcyl eiher 
polvoxvcthylene (23) h varo-cna ted castor oil 
polvoxvethylene (25) oxvprcpylcne monostearatc 
The amount of welting .nent. if employed, is not. 

crucial^' for cxoniple". from about OJOQl'l to about 10ZV 

preferably about 0.0) to 1.5':. <™ be used. 
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Di- and crialky lphosphaces may be used Qrl ^ ^ ^ 4 0 

conjunction with other inactivating agents such as alcohol 

or ethers with or wichouc the coprcscnce of wettini; agents 

in accordance with conendinr application Serial No. 368,250 ! 

I 

entitled "Sterilized Plasma and -Plasma Derivatives and Process ! 

Therefor", assigned to the assignee hereof. 

The ether or alcohol can be added in an amount 

of 1 to 50%, preferably 5 to 25% by weight , based on the volume 

of blood plasma, or- concentrate or other blood plasma protein- j 

containing composition to be treated. | 

i 

Particularly contemplated ethers tor irsactivation i 

i 

use in accordance with the invention are those having the • 



formula 



wherein 



1 ? 
R-O-R- 



1 7 

R and R" are independently C^-C-. ^ hikv! or 
alkenyl which can contain an 0 or S atos in the chain, 
preferably C^-Cg alkyl or alkenyl. Especially contemplated 
ethers are dimethyl ether, diethyl ether, erhyi propyl 
ether, rr.ethy 1-buty 1 ether, methyl isopropyl ether and 
methyl isobutyl ether. 

Alcohols contemolated include chose of the rormula 



wherein 



R 3 0H 



R 3 is a C 1 to C ]R alkyl or alkenyl radical which 



can contain one or mere oxyi;en or sulfur atoms in the chain 
and which can be substituted by one or more hydroxy! (-roups. 

Especially contemplated alcohols arc those where 
the alk.yl or alkonvj nroup is between 1 and i> atoms. 
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Particularly contemplated alcohols include methanol .01 31740 
ethanol . propanol . isopropanol. n-butanol, isobutanol. 
n-pentanol and the isopentanols Also contemplated are 
compounds such as ethylene ;;] yeol . . 1 . 2- propyl one glycol, 
1,3-propane diol . 1 . 4 - butanediol . 2-hydro>:y isobutanol 
(2-methy, 1 , 2-dihydroxypropane) - 

Treatment of blood protein-containing compositions 
with trialky lphosphate is effected at a temperature between 
-5°C and 70°, preferably bet'-.-een 0 C C and 60°C. The time of 
such treatment (contact) is for at least 1 minute, preferably 
at least. 1 hour and generally U to 2U hours. The treatment 
is - normally effective at atmospheric pressure, although 
subatmospheric and superatmospheric pressures can also 

be employed. • 

Normal] v, after the treatment, the ti'ia lkylphos - 
phate and other inactivating agents, for example, ether, are 
removed, although such is not necessary in all ins tan ces . 
depending upon the nature of the virus inactivating agents 
and the intended further processing of the blood plasma 
protein-containing composition. 

To remove ether from plasma the D'lasnia is 
generally subjected to a temperature of 4°C to 37°C with a 
slight vacuum imposed to drav: off residual ether. Prefer- 
ably means are provided to spread the plasm,- as a thin 
film to insure maximum contact ami '-cmovnl of the ether. 
Other methods tor removal of ether in activating agents 
include: 

(!) bubbling of nitrogen gas; 
(2) di.-:Cilt ration using ether insoluble , 
e.g. "'"TEFLON".' microporous membranes - 
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whicn retain the plasma proteins; 
(3) absorption of desired plasmo components 
on chromai ojirriphie or of finite 
chromographi c .supports ; 

(■'■j prec i p i t .-■ • i on . lo:- ex.iii.pi c . by saltinL- 

on'., of plasn:.: proteins; 
(.3) lyophili,;ation , etc. 
V.rien alcohol or non ionic deter «ent.s are eisp loved 
v.-i ch the tr ia Iky Lphospha te they .-.re removed h v (2) to (1) 
above . 

Di- or trialky lphosphate can be removed as 

fol lo-.-.-S : 

(a) Removal from A.MF can be effected bv 

precipitation of AHF v?i'th 2.2 nolal glycine 
and 2 . 0 i-i s o c; i ur.- c n I o rid 

«b) Removal rroii. r i:> rone c tin can be effected bv 
bindina the fibronectin or. a column c 

I 

insoluhi li/.ed gelatin and v;ashiny the bound 
f ibronect ir. free cl reagent. 

Generally speaking, any ether present is initially j 
removed prior to removal of any determent. The ether inn"-" be 
recovered for reuse by the use of suitable distillation/ 
condenser systems v.-eil known to the art. 

Alcohol is norr.-aj. ly removed toaet'her v.-i eh: 
detergent. If the determent i nc] :ules both alcobo} and: 
ether, the ether is normally rcrsiuved hefere the ajcohol. 

The process of rlu- i;:vv!U ion can he combined v.i tk 

I 

still other rr.odcs oi i nacti v.il i nr. viruses includin;;. ti'iosc lor 
non- lipid coated viruses, lor i r.s; ance . a heat inn .•■tap can 
be effected in the presence oi ;i prr»cein stabiliser, o.;\. , 
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an agenf which stabilizes the labile protein (AHF) ;Qli33c74 0 
inaccivacion by heat. Moreover. the heating cart 'be carried 
out using stabilizers which also tend to protect nil 
protein, including component:- of the virur . against heat if 
the heatin;-. is carried out Tor a siif i c i eat lenrEh of tiire. 
e.g., at least 5 hours and preferably least 10 hours at a 
temperature of 50 - 70"C, especially 60°C. Ky such mode the 
virus is pre f erencia 1 ly inactivated, nevertheless, while the 
protein retains a substantial amount, e . % . . ^ 307, of its 
protein activity. Of course, the be?c t rc-a z~.er. r. can also be 
carried out simultaneously v:ith the alky! phosphate treatment . 

The treatment of plasma or its concentrates, 
fractions or derivatives in accordance with the present 
invention can be effected using di- or trial kyl phosphate 
iTpjnobilizec on a solid substrate. The same can be fixed to 
a -.acro-isolecular structure such as one of the typo used as 
a backbone for ion exchange react ions, thereby permitting 
easv removal of the crialky] phosphate from the plasma cr 
plasr : >a concentrate. Alternatively the phosphate car: be 
insolubilized and immobilized or. a solid support such as 
<zlass beads, etc.. using silane or siloxane coup liny, agents. 

The method of the present invention permits the 
pooling of human blood plasma and the treatment of the 
pooled human blood plasma in the iVrni of such pooled plasma. 
It also permits uho vea 1 i t i on of M ood product derivatives 
such as factor V 111. ;;amr,i.n r.lolm : h> . f.uior IX or the 
prothrombin coir.pl r>: <.(nclo>r 11. VII. IX. - v ) - f i hr i n»cni -uid 
anv other blood derivative incluJinv. MI'.sA:; used for the 
preparation of lll-V vaccine. l ' r •••.-inch contain little or 

no residual infettivV- lvcpatiTis or other viruses. - 
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The preseni' invention, is directed, i nte r o*l_i . 'to 
producing a blood plasr.i;i prot.cin-conta i nir.j'. compos i r i on such 
as blood, blood pin.'. ma -Mood p 1 ;i sj.ia f rat: t i ons . etc.. v;hich 
is substantially free of i n f <cl i oa> --•ims. yrr. vdrich ron:ainr. 
a sub.sLantia) .rrwn; of viable (u:v.i-.-na fared ) proi.ei. - :. !k.rc 
particularly, the present invention is di rected to 
inactivation of lip id- conta in in<- virus and preferentially 
inaccivation of hep- - : tit is \'< and non.-M. aon-A virus. Other 
viruses inactivated by the prc5c:r: : n ver: t ion . i n c 1 u 'J e . f c • 
example, cytomegaloviruses. lips rein barr viruses, ]actir 
dehydrogenase viruses, herpes ;;roup viruses, rhabdov iruse.-: ■ . 
leukoviruses , nryxovirus es , z: Iphavi ruses , Arboviruses (group 
B) , parair.yxovii"'jses . arenaviruses, and corona viruses . 

According t:c the present invention, there is 
con t emc 1 a ted a pror.ei n - con ta in in:; cor.iposici or: - a product 
produced from nor:?..". 1 or cancerous coi is or by normal or 
cancerous cells (e .%\. . via recc-nfc inanr. Da A technology) . such 
as niammalisn blood, blood plasma . iced nlas:ta fractions, 
precipitates fron- blood f racr i ona Lion and supcrnatants fro~; 
blood fractionation having an extent of inactivi-cicn of 
virus greater than A loj:s of virus such as hepatitis B 
and non- A, non-!i, and bavin?-, a. yield of protein activity to 
total protein of at least 80%. preferably at least a::d 
mo s t pref era bi y 9 o ' . to 1. 0 0".. . 

Further contemplated by t lie present invent ion s 
a composition contra ini iv-; fact or VI 1 ! v;hich is subs tan; i :■ } ) y 
free of hepatitis virus < u tin- extent of bavini:, :\;\ inac; \ : ■:: - 
tion of greater than ltv.s of the \ J rus and a vield of 
„.p.r.Qtein ac.pi.yivlv. t y .' : ota i .prWeii: of at 1 ca s.t . ,8'JZ . preferably 
at least 85?.. more ;>re 1 1* r.i b J y ai ]east *-'3a and ;;icst preferably 
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The process of the present invention--- has; been 
described in terms of treatment of plasma, plasma fr.ictions , 
plasma concentrates <>r components thereof. The- prcuzesr* , 
however, is also useful in treat in," the sol id components of 
blood, lysat.es or proteins si-t rei:cd by cells. Thus, also 
contemplated are trea trnonr of platelet concentrates, white cell 
(leukocyte) concentrates, ant] leukocy te-poor packed red cells 
as v-;ell as platelet lie: - : plasma, platelet concentrates and 
olazelez poor olasrr.a in: 1 udinu packed cell "asses coxprisinc; 
:he -.-.-hire buffy coat consist in*; of white blood cells above 
oacked red cells. Also contemplated is the treatment of 
masses containing concerizrn.y^s of granulocytes, monocytes, 
interferon, and transfer factor. 

One can treat n'asn:.- itself according to the 
d r e s e r. z in v e r. z i cm o r f r n frozen p 1 a s :r>a . t h a ■ v e d frozen 
Dlasr.;5. crvoprecipitate . c ryosuperna tants or concentrates 
from frozen plasma as well as dilution products thereof. 

By the sarr.e r.ianipulati ve steps discussed above, 
virus present in produces of norr.;nl or cancerous cells can 
be inactivated while rerainint labile protein activity in 
such products. For instance, by the sa;r.e di - or trialkyj- 
phoschate treatment one- can inactivate products produced 
using noiTr.al or enncer rclis. the exudate fro::i normal or 
cancerous cells. hvbri»:;>.-;as ;ind products produced by e.enc 
solidm;. Such treatment" does n^i substantially adversely 
affect the desired proicin. Cells used for production of 
desired p-otcin can. of cour; ■<• . he i^ar.'ina 1 i ar. as v:c 1. 1 as 
non-r.iunuiia liar, eel 3s. 

Factoi •' v 1 1 ' and L\-icto>" IX coajiulant activities. --• 
are assayed bv dc termini pp. I ho decree of correction in APTT 
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time of factor VIII - and factor LX - d_»fic icni.pl 1 
respectively. J.G. Lenahnn . Phillips and Phillips. Cl in . 
Chem . . Vol. 1?. pa^e 269 (1966). 

The activity of protein; - which are enzyme? is 
determined by ineasurin;: their cnr.yr.in * i c activity. Factor. 
IX' s activity can be measured by that technique. 

■iindin-i proteins, can have their acuivi tier- 
measured by de te rmi.n inj; their kinetics and a f f ; n i t v of 
binding to their natural substrates. 

Lvn-phokine activity is nica.^ured r. lot;i ca J 1 : 
cell systems, typically by assaying their b;o!or:ica' 
activity in cell cultures. 

Protein activity generally is dcrernrinod by t: 
knov;n arid standard modes for determining the activity of t: 
protein or type of protein involved. 

In order to more fully i I lust rate : r: e n-2t ure c 
the invention and the manner of practicing t he same, the 
following non-limiting examples are presented: 
Example i 

AHF solutions were incubated with . I'.':. IMPS pi 
1/c Tween SO for 18 hours at '^C. These solutions v.-i.-re 
initiallv contacted v:ith VSV virus . Ss nobis virus and Senaa 
virus and thereafter brought in contact v.ith an aqueous 
solution containing 0. i v.-o i ;-.iit percent oi er: <a-rut ;•' : • 
phosphate (TNl'P) mul 1 . 0 vjo • p.hr percent determent (i.een 
80). with the fo.l ! ev;i.nr. reuiltnnr vims i n.ac t i v~ t i nj-s : 
A. 7 logs of ves i.eu ! a i - s ? (••.-.at i t i s virus (VSV) . ;> . 1 or.:: a : . 
Sindbis virus, and T> . 0 1 f v •■- «•;" Send..-: vi n:s . )\.c vj r *.;.*'• 
was added just prior to - hi? .i!diti«n of l ! v.- i .'-a':'- J '-..eon. SO . 
The vield of 'AHF (lab i ) e protein, tiV;d ■ proroiii) ••.as found to 
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Controls in which THHJ' and Tween &0 were omitted 



showed little if any vir.il in;ict iv.it ion . 

The result.'- for Example 1 ;jrc shown below in 

Table 1: 



Tempera cure 



i I VAC 

r»rs) 



T;.l>le J. 
/•-Ill" 



).<•;■ Ti ce; Vir::- 
VSV Sindb~i s SendaT 



4°C 



Scar t 
3 



10. A (100) 



A . 7 
0.9 

0. c 
/ -0. 5 



5 . 8 
-0.4 
-0.5 

0.5 



5.0 
2.2 
1 . 5 
-0.5 



In Fi;: . 1, Fi*j. 2, nr.d Fit;. 3, the results of 
Exax.ple 1 are plotted and compared to virus inactiv.-ition 
v.-ith ether- (20W) /'Tween SO (I/;.). It is seen that for VSV 
(Fig. 1). S in db is (Fiy. '2)_n.v.c Seraiai (Fi*. 3), i nac t iva t ion 
v:=5 greater (iov.er lo?;. titer value) lor treatment according 
co the rresen: invention i.v:ith T'dP.P) than v;i th ether /Tv.-eer. 
SO treatment. 

In Table II, the effect of a "Tv.een 80" alone in 
the inac t iva z ion of viruses is shown. The data shovrs that lit- 
tle if anv inac ti vat ion is dvjc to ".Tv.een SO". 

TABLE 11 

EFFECT Or TWEEN SO (1/.) AL0XE ON VIPJJS I NACT 1 V ATI Or' 



Experiment 
1 



J n : re ti 'f^^tjj^n ( 1 t-r.:'- : ) 

Temper.! ; u re !h:r.u ion 

("C") (His) VSV Sindbis Scndai EMC 



22 



3 


0. 3 


0. 


0 


0 . 


0 


0.4 


1 S 


Nl)- 


-0. 


1 


0. 




0.5 


1 s - 




-0. 


] 


-0. 


3 


0,0 



lop. titer control minus l'»;- L i Ler tro:rtfd 
not don<" 
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Exariiplc 2 

Example 1 was repented, but at 22 °C. The results 
for Example 2 are suir.iii.iri zc-d bel-ow in Table III: 

Table _11J_ 

Temperature Time AMK Lo ^ Ticcr Virus 

(Mrs) 



U/ijiL 7.YUT VSV SindbTs" Sif^iT 



22°C Untreated 8.3 (100) i . i 5.1 5.0 

3 3. 2 99 s-O.i* L-O.b 1.8 

The present invention may be embodied in other 
specific f orms "v.'ithout departing from the spirit or 
essential attributes thereof and, accordingly, reference 
should be had to the appended claims, rather than to the 
foregoing specification, as indicating the scope of the 
invention . 
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1. A process for obtaining a protein-containing 
composition which is subs can tin 11 y free of lip .id-containing 
viruses without incurring substantial protein denaturation 

comprising contacting said protein-containing composition 
with an effective amount of di- or trialky Lphosphate for a 
sufficient period of time. 

2. A -process according to claim 1 wherein di- or 
trialky 1 phospha te has alkyl groups which contain 1 to 10 
carbon acoms . 

3. A process according to claim 2 wherein said 
trialkylphospha te has alkyl groups which contain 2 to 10 • 
carbon atoms. 

A process according to claim 2 wherein said 
trialky lphospha ce is tri-n-butyl phosphate. 

5- A process according to claim 1 wherein said 
contacting is conducted in the presence of a wetting agent. 

6. A process according to claim 5 wherein said 
wetting agent iu a non-ionic detergent. 

7. A proccr.t; accorilinr. to claim 5 wherein said 
wetting agent is is added to said protein-containing 
composition prior to contacting said protein-containing 
composition with said di- or trialkylphosphate . 
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6. A process accordi-u;; to claim 5 wherein said 

wetting agent is added simultaneously with said di- or 
trialkylphosphate to said prnteih*-containing comoosition . 

9. A process according to claim 5 wherein said 
wetting agent is added after said di- or trialkylphosphate 
contacts said pro tein- containing composition . 

10. A process according tc clairc 6 wherein said 
detergent is a partial ester of sorbitol anhydrides. 

11.. A process according to claim i further 
comprising conducting said contacting in the presence of an 
inactivating agent selected from the group consisting of 
ethers and . alcohol s . 

12. A process according to claim 5 further 
comprising conducting said contacting in the presence of an 
inactivating agent selected from the group consisting of 
ethers and alcohols . 

13. A process according; to claim 1 wherein said 
protein- conta ining composi tio:i is selected frorr. che group 
consisting of .-/hole blood, blood plasma, a plasma 
concentrate, a precipitate froa any fractionation of such 
plasma, a supernatant from any fractionation of said plasma, 
a serum, a cryoprec ipitate , a cell lysate, and proteins 
induced in blood cells. 
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LA. A process nccordin'?; to claim 1~ wherein said 
blood protein-containing composition contains one or more 
proteins selected from the group consisting of fibrinogen, 
factor II. factor VII, factor VIII, factor IX, factor X, 
factor I. imir,i.:no»lobins . pre.) lbumin . rctinoi-binding 
protein, albumin, alpha-globul ins . beta-globulins, gamma- 
globulins, factor III and the complement components, 
f ibronectin , anti thrombin III. hemoglobin , interferon, 
T-cell grov/th factor, plasminogen accivacor. 

15. A process according to claim 1 wherein said 
pro cein- con taining composition is the product of a non-blood j 
normal or cancerous ceil or the product of gene splicing. 

16. A process according to claim 1 wherein 
following said contacting with said di- or triallcy lphospha te . 
said di- or crialky Iphospkate is removed. 

17. A process according to claim 1 wherein said 
period of time is between about 1 minute and about. 30 hours. 



18. A process according to claini 1 wherein saad 
contacting is conducted ac a temperature of between about 
0°C and about 7() C C. 

19. A process according to claim 1 wherein said 
di- or tr ialky lphosphate is present in an amount between 
about 0.001? and about 1%. 
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20. A process according to claim 13 therein said 
protein-containing composition comprises factor Vlli 

21. A process according to claim 13 wherein said 
protein-containing conpo:dtion comprises factor ]>'. 

22. :\ process accord in;: to claii:: 1 wherein said 
protein-containing c omp csi ti on is additionally heated lor at 
least 5 hours at 50 to 70°C. 



- -j - A process sec ore in:: co ciai- 22 v.-hcrein the 
composition ^hich is heated comprises a protein stabiliser 
vhich stabilizes a protein at-ainst denaturation bv heat 

24. protein- containing composition having an 
extent of insceivaiion cf lipid-concaining virus greater chan 
logs of said virus and h'avin;-: a yield of nr.:.- v eir. activirv to 



-':> . prccein-concaining composition according to 
claim 2£ having a yieio of protein activicv -_o total nrotein 
activity of at least -$5^. 

~'i - A pro uein-conta in ing compos it ion according, to 
claim 2'- having a yic-1 i of protein activity to coca- nrcr.cin 
of at least f- 5% . 

11 . •>■ r? •'.cin-fonMinin;;. compos 5 cion accorui n«: to 
claim 24 hnv; :•;«; a y i c : of protein ac t i vi iv •_..» total 
protein of bi -.v-.-ccn ah.-..:: an. -I ah«ui( 100?.. 
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28. A prole in -co:U ni n inj.-. compos i tion according 
to claim 24 wherein said procein-conL.i ining composition is 
selected from the group cons i stin/:. of whole- blood, blood 
plasma, plasma concentrate, prec: i p i i :> i c from any 
fractionation of such plasma, supernatant from any frac- 
tionation of said plasma, scrum, crynprecipi Late and 
cryosuperna tan t . 

29. A_ proLtin-containinL: composition according 

to claim 2U wherein said blood plasr.ia protein-containing 

composition contains one or rv.orc- plasma proteins selected I 

i 

from the group consisting of fibrinogen, factor IT. factor 
VII, factor VIII. factor IX. factor X, factor 1, 
immuncglohins . prealbumin, ret inol -binding protein, albumin, 
al pha - globul ins . be z rj - g 1 cbul i ns , gamma -glcbu I ins . factor 
III, her/.oglobin. T-cell grov:th factor, platelet derived 
growth factor, interferon, ant i r hrombin III. f ibroncctin , 
plasminogen activator and tiu- comp lemon t components. 

30. A protein-containing composition according to 
claim 2^ v:hich comprises faciei' VIII. ! 

31. A proLcin-contn i.ninr, coiroos i t ion according to 
clain- 2-' v/hich comprises factor IX. 

32. A blood p 1 a :"-r.:a p l oi e i n - con t a i n in ? . 
composition according, to cl.ii::: 2u which comprises 
gamma - i^lobu 1 in . 
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33. A process accordm;; to claim 2M- v.-herem said 
composition is substanti a 1 1 y free of infective 1 i pid-containing 
viruses . 

'.','>. A product -1 nuii - b ] nod norai (>r c aricc rov.s 
cell comprising, .in active proiein and inactivated virus 
wherein the aco;:nt of active protein is at least 807, of the 
total protein . 
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cxn , COMPARISON BETWEEN 20% ETHER/ . % TWEEN 80 CO) AND 
rib. I 0 .l% TNBP/ l% TWEEN 80 (•) 
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RE.CUIREMENT FOR TWEEN 80 AOOlTION TO TNBP 
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